**What was known?**

In western countries, knowledge about sunscreens, their benefits and usage of sunscreens are high. In the Indian population, knowledge about sunscreens, the range of benefits obtained by use of sunscreens is low. Sunscreens are viewed as cosmetics and used only to prevent tanning in general.

Introduction {#sec1-1}
============

Sun exposure causes extensive intrinsic as well as extrinsic changes in the skin. Various manifestations of photoaging such as sagging, wrinkling, and photocarcinogenesis which are caused by damage to cells, and DNA may be prevented with regular sunscreen usage.\[[@ref1]\] On a single day in the summer season, the ultraviolet (UV) energy received is 3.5% UVB and 96.5% UVA. UVB affects the epidermis whereas UVA penetrates up to the dermis. Highest UVB intensities are found near the equator. In India, the population is exposed to higher degree of both UVA and UVB. UVB is filtered by glass, but UVA can pass through it.\[[@ref2]\]

The regular use of sunscreens prevents the formation of actinic keratosis and thus the reduction of skin cancer. Photo-induced and photo-aggravated dermatoses can be avoided with regular sunscreen usage. Sunscreens have been approved by Food and Drug Administration for use in the prevention of sunburn, photo-induced pigmentation, aging, and carcinoma. The only contraindication to sunscreen usage is sensitivity to the ingredients and in infants \<6 months of age. Nearly 93.3% of UV rays (UVR) is prevented from penetrating the epidermis by a sunscreen SPF 15.\[[@ref3]\] Sunscreens increase the tolerability of skin to UV rays reaching by reflection, absorption, and scattering.\[[@ref4]\]

Several studies have been done worldwide, especially in Australia and the USA regarding knowledge and usage of sunscreen. Australia has one of the highest rates of cutaneous malignancies in the world, out of which melanoma is the fourth most common malignancy.\[[@ref5]\] Till date, in India, only one study has been done regarding the knowledge and usage of sunscreen.\[[@ref6]\] The sun has always been given importance in the Indian culture to the extent that it is considered as God. A tanned body is considered healthy and working under the sun is considered as the sign of a hardworking person. Nowadays, there has also been an increasing awareness about the requirement of sunlight for the synthesis of vitamin D. Hence, compliance of an Indian patient in using a sunscreen or physical barriers for sun protection is poor. Second, there are other factors, such as cost and greasiness of the product which prevent the optimum use of sunscreen. Sunscreens are available in less greasy formulations such as gels, sprays, and lip balms, but the patients are not aware of this.

So, we conducted the present study to evaluate the knowledge of a subset of Indian population regarding sun exposure, to study the knowledge of effects of sun exposure on the skin, and to study the sun protective attitudes and practices of a subset of the Indian population

Materials and Methods {#sec1-2}
=====================
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### Study design {#sec3-1}

It was a cross-sectional questionnaire-based study. The Institutional Ethics Committee approval was taken. Written informed consent was obtained from each volunteer. Two thousand and thirty-seven volunteers attending the outpatient department of a tertiary care hospital answered the questionnaire containing 57 questions to assess their knowledge, attitude, and practices regarding sunscreen and sun exposure over a period of 2 years.

### Inclusion criteria {#sec3-2}

All adults aged 18 year and above who voluntarily agreed to participate in the study after written informed consent were included.

### Exclusion criteria {#sec3-3}

Those not willing to give consent for the study were excluded.

### Questionnaire {#sec3-4}

Demographic data which included age, gender, and socioeconomic status were noted. The questionnaire also included information regarding daily sun exposure, their knowledge about sun-induced skin changes, and protection provided by sunscreens. Those volunteers not using sunscreens were asked about reasons for doing so, to judge their attitude towards sunscreen. Practices regarding sunscreen usage were also asked. These were related to site and frequency of application, SPF of the sunscreen, and priorities while choosing a sunscreen.

### Statistical methods {#sec2-2}

We calculated the means and standard deviations (SDs) for continuous variables and proportions for categorical variables. The proportions were compared using Chi-square test or Fisher\'s exact test for low expected cell counts. We also calculated Chi-square for trend. *P* \<0.05 was considered statistically significant. Data were analyzed using Stata Version 13.1 (^©^ StataCorp, College Station, Texas, USA).

Results {#sec1-3}
=======

The study comprised of 2037 volunteers. The mean age was 32.94 (SD 12.01) year. One thousand two hundred and forty-two (61%) of the volunteers did not know about sunscreens. Percentage was the same for male and female volunteers. Sixty-eight percent of the volunteers from the upper middle class knew about sunscreens compared to the lower middle class (8%). At least 50% of the younger age group (18--29 years) knew about sunscreens whereas the older generation was mostly unaware about sunscreens \[[Table 1](#T1){ref-type="table"}\].

###### 

Knowledge about sunscreen according to various demographic characteristics
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About half of the volunteers (52%) had sun exposure of 2--5 h weekly. Only 9% of the volunteers had a sun exposure between 11 am and 3 pm. Eighty one percent had no history of sunburn.

 {#sec2-3}

### Pigmentary complaints {#sec3-5}

Nearly 50% of the volunteers did not have problems of uneven skin color, pigmentation on acne sites, periorbital pigmentation, tanning, or generalized pigmentation on the face. Eight-four percent did not have complaints of melasma.

### Knowledge about effects of sun exposure {#sec3-6}

Six hundred and sixty-two volunteers were aware that sun exposure causes darkening of the skin. About 50% of the volunteers were aware that sun exposure caused wrinkles (48%), melasma (38%), photoallergy (50%), and cancer (43%) \[[Table 2](#T2){ref-type="table"}\].

###### 

Opinion of respondents about sun exposure and sunscreen
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### Knowledge about protective effect of sunscreen {#sec3-7}

A higher percentage of volunteers strongly agreed about short-term benefits of sunscreen-like protection against UV rays (84%), sun damage (85%), skin tanning (79%), and sunburn (77%).

We found that individuals who were graduates (44%) or professionals (43%) were more likely to know about the protective effects for cancer compared with those who were high schools/intermediate school (20%) or illiterate/primary school (8%) (*P* \<0.001). Similarly, the former were also more aware about the protective effects in sunburn compared with the latter (*P* \<0.001).

Awareness about long-term benefits such as prevention of premature aging (42%), improvement in skin color (34%), and prevention of photo-induced cancers (38%) was intermediate \[[Table 2](#T2){ref-type="table"}\].

### Nonacceptance of sunscreens {#sec3-8}

Among the 352 volunteers, who knew about sunscreens but did not use them, 138 had no specific reason for not using sunscreens, 87 volunteers did not use sunscreen as they found it sticky, and 63 found sunscreens expensive \[[Table 2](#T2){ref-type="table"}\].

Out of the 385 volunteers who were currently using sunscreens, 237 volunteers (62%) used sunscreens every day.

Five hundred and forty-one volunteers responded regarding morning use of sunscreen, out of which 357 (66%) always applied in the morning.

Four hundred and ninety-seven volunteers responded regarding the use of sunscreen when they went out of which 287 (58%) always applied when they went out.

Four hundred and seventy-six volunteers used sunscreens always applied on the face.

Most of the sunscreens used by the volunteers were of SPF in the range of 15--50 \[[Table 3](#T3){ref-type="table"}\].

###### 

The opinion of respondents to various factors related to sunscreen
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### Indication for sunscreen use {#sec3-9}

Out of 488 volunteers, 386 (79%) volunteers always used sunscreens to prevent tanning and 312 (65%) used sunscreens to prevent sunburn \[[Table 3](#T3){ref-type="table"}\].

### Opinion about the side effects of sunscreen {#sec3-10}

Knowledge about side effects of sunscreens was low (23%--31%) \[[Table 2](#T2){ref-type="table"}\].

### Preferable properties of sunscreen {#sec3-11}

Most volunteers preferred a sunscreen which was less sticky (73%) or less irritant (70%), caused fewer allergies (62%), and did not aggravate acne (65%) \[[Table 3](#T3){ref-type="table"}\].

### Gender differences {#sec3-12}

The knowledge of effectiveness of sunscreen in protection against UVR (male -- 85%, female -- 83%), sun damage (male -- 82%, female -- 86%), skin tanning (male -- 80%, female -- 79%), and prevention of sunburn (male -- 76%, female -- 77%) was nearly equal in both males and females. Males had higher awareness level regarding control of premature aging (male--48%, female--38%), improvement in skin color (male--45%, female--26%, *P* \<0.001), and prevention of skin cancer (male--44%, female--34%, *P*=0.02) \[[Table 4](#T4){ref-type="table"}\].

###### 

The knowledge about sunscreen according to gender
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Discussion {#sec1-4}
==========

Indians are chronically exposed to sunlight due to the country being situated in the tropics and by the virtue of India being a predominantly farming country till a few years back. Since Indians are dark skinned, hyperpigmentary disorders are not a concern, especially in the rural areas and in the lower socioeconomic strata. Sun exposure, tanning, and photoaging are considered as a part and parcel of life. Sixty-one percent of the volunteers in our study did not know about sunscreen. In the lower socioeconomic group, 91% of the respondents did not know about sunscreens. This was probably because of the lower literacy rate\[[@ref7]\] and education levels and financial constraints\[[@ref8][@ref9]\] in this group. It was in this group that we found it difficult to convince the patients to use sunscreens in photo-aggravated conditions such as xeroderma pigmentosum and systemic lupus erythematosus. Higher education levels were known to be associated with increased use of sunscreen.\[[@ref10]\] Fifty-four percent of the volunteers in the age group of 20--29 had knowledge about sunscreens whereas 93% of the volunteers of more than 60 years of age did not know about sunscreens which was consistent with a study done in China,\[[@ref11]\] whereas in previous studies, it was the older generation which used sunscreen frequently compared to the younger generation\[[@ref12][@ref13][@ref14][@ref15][@ref16]\] due to higher risk of cancers in the fifth-sixth decades\[[@ref6][@ref12][@ref13]\] indicating the effects of urbanization and high level of social media exposure in the younger generation. In our study, the awareness about sunscreen increased with increased education level.\[[@ref7][@ref10][@ref11][@ref12]\] Male and female volunteers were equally unaware of sunscreens (61% in each group) in contrast to other studies where females were found to have more awareness about sunscreens and used them more often.\[[@ref6][@ref7][@ref10][@ref12][@ref16][@ref17][@ref18]\] This finding could be present due to lesser incidence of melanoma\[[@ref13]\] and sun-induced pigmentation in Indians due to which discussions on sunscreen and its use were not encouraged as found in a study done in Tehran.\[[@ref7]\] In India, most females were not financially independent and sunscreens being considered as cosmetics and very expensive, use was limited. More than 80% of the male and female volunteers agreed that sunscreens gave protection against UVR, sun damage, and tanning of the skin. Only 26% of women believed that sunscreens make the skin fair as compared to 45% of men (*P* \<0.001). About 44% of the male volunteers agreed that sunscreens played a role in the prevention of skin cancers as compared to 34% of females (*P*=0.02). When asked about the reasons for the use of sunscreens, only 27% of females and 36% of males used it to become fair (*P*=0.001). Maximum volunteers used it to prevent tanning (males--73%, females--82%). The use of sunscreen to become fair, prevention of wrinkles, early aging, mole, and cancer was below 40% for both men and women, indicating that awareness of the range of effects of UVR and the protection offered by sunscreens was limited as found in a study by Saleeqath *et al*.\[[@ref6]\] Almost 52% of the volunteers had a weekly sun exposure of 2--5 h. Forty-one percent were rarely in the sun between 11 am and 3 pm. Eight-one percent did not have a single episode of sunburn in their lifetime. These data showed that although the use and knowledge about sunscreens was less, the volunteers avoided going in the direct sun, might be due to the heat. Just about 4%--5% of the volunteers considered their pigmentary complaints to be serious, and more than 40% of the volunteers did not express any concern about their pigmentary problems. Most of the volunteers (84%) strongly agreed that sun exposure caused tanning, but knowledge about sun exposure causing wrinkles, melasma, allergies, and cancer was low (≤50%) as compared to other studies where knowledge about UVR causing skin cancer was high.\[[@ref19]\] A high percentage of volunteers strongly agreed that sunscreens gave protection against UVR (84%), sun damage (85%), tanning (79%), and sunburn (77%). Nearly 70% of those who knew about sunscreens had used them at some point in their lives, and 60% were currently using sunscreen. The frequency of using sunscreen daily was 63%, application in the morning was done by 66%, and 78% applied sunscreen only on the face. Sunscreens having a SPF in the range of 31--50 were mostly (68%) used. Common reasons for not using sunscreens were that sunscreens were expensive (35%) and very sticky (46%) being similar to other studies.\[[@ref6][@ref12][@ref16][@ref20][@ref21][@ref22]\] In a study by Abroms *et al*., both men and women responded that sunscreens took too much time and effort to apply and it was cumbersome to carry the sunscreen bottle around for reapplication.\[[@ref21]\] Saleeqath *et al*. also reported stickiness, cost, and white residue after the application of sunscreen\[[@ref6]\] as reasons for not using sunscreen. White residue on application of high SPF of sunscreen was cited as an undesirable effect in the study done by Mosavi *et al*.\[[@ref7]\] Some of the other reasons for not using sunscreen as reported in previous studies were burning and stinging sensation in eyes,\[[@ref20][@ref21][@ref22]\] smell and association with cosmetic use, high cost,\[[@ref16][@ref21]\] and forgetfulness.\[[@ref12][@ref21][@ref22]\] A study in Portugal also found sunscreen properties, cost of sunscreen, and forgetfulness as the main barriers to use of sunscreen.\[[@ref23]\] Sunscreen causing vitamin D deficiency was also cited as a reason for not using it.\[[@ref12]\] Seniors not encouraging the use of sunscreen at the workplace was one of the barriers to sunscreen use in a study of Latino workers.\[[@ref24]\] About 71% of the volunteers did not have a specific reason for not using sunscreen in our study. Those who did use sunscreen were using it to prevent tanning (79%) and sunburn (65%). The side effects of sunscreen observed were acne (31%), skin allergies (23%), irritation (29%), and whitening (25%). While choosing a sunscreen, the volunteers gave priority to the stickiness (73%) and potential to cause side effects. The cost of the sunscreen was given a priority by 49%.

 {#sec2-4}

### Strength and limitation {#sec3-13}

This is the first study with a large population in India to assess the knowledge, attitude, and practices regarding sun exposure and use of sunscreen. It would be useful in developing sunscreens which would be acceptable to majority of the population.

There were certain limitations. The study was conducted in a particular area of India with a large migrant population with large variability in age, education level and socioeconomic status, and skin types. Since the study was conducted in an urban area, comparison between urban and rural population could not be made. We had not included method of application of sunscreen in our questionnaire.

Conclusion {#sec1-5}
==========

Our study showed that the consciousness about sunscreen was low among the study population. There was no gender difference in this aspect. Those who used were largely complaining of stickiness and high cost. Taking care of these factors might increase the use of sunscreen.
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**What is new?**

The knowledge about sunscreen and its benefit, other than prevention of tanning, is low. The awareness about benefits of sunscreen is limited. Stickiness and high cost are some of the reasons for not using sunscreens.
